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SEALED SEPARABLE CONNECTION 
James E. Webb, Administrator of the National Aero- 
nautics and Space Administration, with respect to an 
invention of Robert M. Bamford, Los Angeles, Calif. 
Fiied Sept. 15, 1967, Ser, No. 668,755 
Int. Cl. B64g 9/00 

IJ.S. Cl. 244 — 1 3 Claims 


ABSTRACT OF THE DISCLOSURE 

A thin wall metal tube is collapsed between mating 
edges of two connectors to provide a sealed joint. By 
applying high pressure fluid to the sealed interior of the 
tube, the tube expands to sever the means joining the 
connectors and hence separates the connector members. 


ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 

This invention relates to a sealed connection which is 
quickly separable and particularly useful as a continuous 
seal between two sections of a container. 

There are a variety of situations wherein it is desirable 
to have a sealed connection which is rapidly separated 
by a force triggered from a location remote from the con- 
nection. In recent years the need for such a connection 
has arisen in the field of space exploration. As one exam- 
ple. it is desirable that instrument packages or other space 
capsules which are fired from earth toward other planets 
or the moon be completely sterile, hence reducing the 
rick that the package will contaminate the body being 
studied. As one means of protecting the sterility of a 
package during its flight from earth through the surround- 
ing atmosphere, the package may be enclosed in a sterile 
container which is sealed and which provides a biological 
barrier to contamination during the flight away from 
earth. Once the container is beyond the earth’s atmos- 
phere, it must be opened so that only the capsule or pack- 
age will land on the target. 

Accordingly, it is necessary that the container enclosing 
the instrument package be sealed and separable at the 
proper time in response to an appropriate signal. The seal 
must be highly reliable to handle the pressures involved 
and to provide an adequate biological barrier. The sepa- 
rating means should be capable of rendering ineffective 
the means utilized to join the two sections of the container. 
It is, of course, also desirable that the structure be rela- 
tively lightweight and easy to assemble, 

SUMMA KY OF THE INVENTION 

In accordance with this invention, a collapsible tube 
is employed as the primary sealing element and as the 
primary separating means. The tube is collapsed between 
the mating edges of two connector members, which in 
the example discussed above might be connected to sec- 
tions of a container. 'J he two members are connected 
by suitable means so that the tube is compressed be- 
tween the mating edges to provide the necessary seal. 


When it is desired to break the seal and separate the con- 
nector members, high pressure fluid is supplied to a sealed 
interior passage within the tube causing the tube to ex- 
pand and render the connecting means ineffective so that 
r the connector members are quickly separated. 

0 In a preferred example of the invention, one of the con- 
nector members is formed with a continuous female edge 
portion while the other is formed with a continuous male 
portion which fits within the female portion. Retaining 
jq pins extend transversely through the legs of the female 
portion into the male portion to secure the connector 
members together while the collapsible tube is compressed 
between the male and female portions. As the tube is 
expanded, the force produced shears the retaining pin-. 
15 In another embodiment of the invention wherein the 
connection is used on a container, the connector mem- 
bers may be each further provided with an outwardly ex- 
tending annular flange. A sealing band or strip is posi- 
tioned around the flanges and attached to the outer edges 
20 of the flange to provide a secondary biological seal for 
the container. 


DETAILED DESCRIPTION AND DRAWINGS 

For a more thorough understanding of the invention 
refer now to the following detailed description and draw- 
ings wherein: 

FIG. 1 is a side elevational view of a substantially 
spherical container joined by the continuous separable 
connection of the invention; 

FIG. 2 is a cross-sectional view taken generally along 
line 2 — 2 of FIG. 1 illustrating the connector members 
attached to the two halves of the container and joined to 
each other; 

FIG. 3 is an enlarged, exploded sectional view of the 
continuous separable connection components; 

FIG. 4 is an enlarged cross-sectional view of the con- 
nector of FIG. 2; 

FIG. 5 is a fragmentary elevational view of the ex- 
terior of the connection taken generally on line 5 — 5 of 
FIG. 4 and showing the inlet to the collapsible tube; and 

FIG. 6 is an enlarged cross-sectional view of a second 
embodiment of the connection which includes a secondary 
seal. 

There is shown in FIG. 1, a substantially spherical 
container 10 having a thin wall upper section 12 and a 
mating lower section 14. As can be seen from FIG. 2, 
the upper section 12 is secured, such as by welding at an 
annular joint 16, to the upwardly extending annular or 
ring-shaped leg 18a of a flange member 18, which also 
has an outwardly extending heavy annular leg or fiance 
186. This flange 186 mates with a similar flange 20a 
which is formed on the upper portion of an upper ring- 
shaped connector member 20 which forms a portion ot 
the container wall. The two outwardly extending flanges 
186 and 29a are joined by a plurality of nuts 22 and bolts 
24 vertically extending through spaced, vertically oriented 
holes in the flanges. Each of the flanges is formed v. tin 
a mating annular recess for receiving an O-rtng .6 tn.it 
seals the joint formed by the flanges. 

The lower section 14 of the container HI is simiki o 
welded to a flange member 28 that is identical to the 
upper flange member 18. It is attached by a plurality ot 
nuts 22 and bolts 24 to an outwardly extending flange -RE 
formed on a lower ring-shaped connector member 3U 
These two lower flanges are also formed with a maun, 
recess for receiving an O-ring 32 which seals me jetr.: 
formed bv the flanges. The lower connector membe: 3fl 
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is formed v, ith an upwardly extending thin walled see- 
lion Miii which is aligned with the vertical wall 20ft of 
the tipper connector member 20. 

Referring now to FIGS. 3-5 as well as FIG. 2, it may be 
seen that the connection 30 of the invention includes an r 
enlarged depending annular projection 34 on the lower 
end of the vertical wall 20« of the upper connector mem- 
ber 20. This enlarged projection 34 forms a continuous 
male portion of the mating edge between the connectors 
20 and 30. t he lower edge or wall -34// of the male por- 
tion 34 is formed with a depending annular protuberance 
34 ft extending towards the other connector member 30. 

The side walls 34c and 34 ft of the male portion 34 are 
tapered to converge downwardly toward the lower wall 
34a, having a somewhat inverted frusto-conical cross- ] ;j 
section. As seen in FIGS. 3 and 5, there are formed a 
plurality of sockets 34c which are circumferentially spaced 
and extend laterally or transversely into the side walls 
34c and 34ft of the male portion 34 of the connector 20. 

The lower connector member 30 is formed with an up- 20 
wardly extending female portion 36 for receiving the 
depending male portion 34. The female portion 36 is an 
enlarged annular projection having a generally U-shaped 
cross-section with a pair of upwardly extending legs 36a 
and 36 ft and a lower wall 36c connecting the legs. As can 26 
be seen from FIG. 4, the vertical depth of the female 
portion 36 is slightly greater than the vertical depth of 
the male portion 34. In inner side walls 36 ft and 36c 
of the legs of the female portion are tapered to converge 
downwardly to mate with the side walls 34c and 3 iff 30 
of the male portion 34. An upwardly extending annular 
protuberance 36/ is formed on the wall 36c in the bottom 
of the female portion 36 opposing the depending pro- 
tuberance 34 ft on the male portion 34. The dimensions 
of the side walls 36ft and 36c, and the walls 34 ft and 34c 35 
of the male and female portions is such that these pro- 
tuberances 346 and 36/ are spaced slightly when the 
male portion is fully inserted. 

The legs 3 6a and 36ft of the female portion 36 of the 
connector are provided with a plurality of openings 36g 40 
which are circumferentially spaced and which- extend 
laterally or transversely through the legs. When the male 
portion 34 is fully inserted in the female portion, the 
openings 36, g in the legs are aligned with the sockets 34e 
in the side walls 34c and 34ft of the male portion 34 as 45 
can be seen in FIG. 4. 

In accordance with the invention, there is provided a 
thin walled collapsible tube 38, i.e. of metal, having an 
annular shape and a cross-sectional diameter to fit within 
the bottom of the U-shaped female portion 36 of the r>0 
connector as can be seen in FIG. 3. This tube defines a 
sealed interior passage 39 having an inlet conduit 40 which 
extends outwardly from the tube through a vertically 
oriented slot 42 in the outer leg 36 a of the connector fe- 
male portion 36 as can be seen in FIG. 5. This conduit 55 
is connected to a source of high pressure fluid which is 
schematically illustrated in FIG. 1 by the box 44 mounted 
on the exterior of the container 10. 

It should be understood that various suitable pressure 
sources may be provided and they may be mounted in go 
different locations from that illustrated, in a manner 
appropriate for the particular application. The pressure 
source may be liquid or gaseous, but liquid is preferable 
because of its faster response time. The box 44 is under- 
stood to include means for releasing fluid to the interior 05 
of the tube 38. The means may be selectively actuated by 
a suitable signal from a remote location such as from 
earth. 

In assembly, the depending male projection is inserted 
into the U-shaped female portion 36 until the side walls 70 
of the male and female portions interengage to prevent 
further movement, as illustrated in FIG. 4. This action 
collapses the thin walled metal tube 38. The opposing pro- 
tuberances 34ft and 36/ on the male and female portions, 
which remain .slightly spaced, compress the lube info the 75 
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generally FIGURE 8 shaped cross-section. Depending on 
the strength of the tube 38 and the weight of the container 
section 12 the tube may be crushed simply by resting the 
upper component, on the lower one. However, with an ex- 
ample of the arrangement illustrated, it has been neces- 
sary to provide additional force for full insertion. If 
desired, the tube may be partially performed into its 
collapsed state to insure uniform shaping of the tube. 

The male portion 34 of the connector 20 is secured or 
locked in this mated position by a plurality of restraining 
pins 46 each of which extends transversly through a hole 
36g in one of tiie legs 36 a or 36 ft of the female portion 
36 into one of the sockets 34c in the male portion 34. The 
dimensions and material of the thin walled metal tube 38 
are selected such that when the tube is collapsed or 
crushed in the position of FIG. 4, the tube is approaching 
the minimum radius of bend permissible without crack- 
ing the wall of the tube. 

In this regard, care should be taken to prevent cracks 
in the tube 38 in the area where the conduit 40 inter- 
sects the tube. If necessary, to reduce stresses and the 
possibility of leaking, the male and female portions 34 
and 36 may be recessed in the area of the conduit 40 
so that the tube 38 is not crushed to the extent shown. 

With the connection assembled as shown in FIG. 4, 
an effective seal is provided along the mating edge of 
the connector members, if desired the tube may be coated 
with a suitable substance to further enhance sealing. 
Note that the FIGURE 8 shape of the tube provides 
considerable sealing surface between the tube and the 
male and female portions. 

When it is desired to separate the continuous seal, it 
is only necessary to actuate the fluid pressure source 44 
in some suitable manner to supply high pressure fluid 
through the inlet conduit 40 into the sealed interior of 
the collapsed tube 38. This fluid pressure causes the tube 
to quickly expand and provide a separating force sub- 
stantially perpendicular to the restraining pins 46. This 
force shears the pins causing the container halves or sec- 
tions 12 and 14 to be separated. 

Naturally, the number and strength characteristics of 
the restraining pins 46 must be calculated with respect to 
the separating force which can be provided by the extend- 
ing tube so that the pins will be quickly sheared. This 
force is determined by the pressure of the applied fluid 
and the surface area of the tube. 

The diameter of the tube 38 must be great enough so 
that the difference between its expanded diameter and its 
collapsed vertical thickness is greater than the diameter 
of the restraining pins to obtain a sufficient stroke and 
shearing action. The use of the protuberances 346 and 
36/ is advantageous in this regard to maximize the expan- 
sion stroke of the tube for a given diameter while minimiz- 
ing the crushing bend angles on the tube. With the ar- 
rangement shown the theoretical stroke is the difference 
between the expanded tube’s outer diameter as viewed in 
FIG. 3 and the distance between the protuberance 34ft 
and 36/ when the connector is assembled as viewed in 
FIG. 4. 

By contrast, if the protuberances 34ft and 36/ were not 
used and the opposing surfaces 34a and 36c of the male 
and female portions were simply flat, the edges 38 a of the 
collapsed tube, as shown in FIG. 4, would be subjected to 
a much greater bend angle to obtain a stroke equal to that 
obtained with the arrangement shown. 

The bend angle of the tube is also related to the wall 
thickness and material of the tube. For a high force ap- 
plication it is desirable that the tube be of metal for 
strength and have a thin wall to reduce material surface 
flow. In one example of the invention, a stainless steel 
tube was employed having a diameter of .200 of an inch 
and a wall thickness of .007 of an inch. Hie diameter of 
the container involved and hence the seal, was about 3 
feet. Fluid pressure of approximately 2000 pounds per 
square inch was used to shear the pins 46 employed. 
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With the use of the fully enclosed pressure system 
described, one side of the connector can fail first and 
vet a positive separation of the entire connector is at- 
i <i i n cu . 

The inferengaging tapered side wails of the male and r 
female portions are not only advantageous for controlling ° 
the insertion of the male portion into the female portion 
but also during the separating action. Contact and lienee 
frictional force between the mating side walls decreases 
very quickly with only a small portion of the tube expan- j 0 
sion stroke; whereas if the walls were straight-sided or 
parallel to the separating direction, frictional forces would 
be greater and would continue until the male and female 
portions had separated a greater distance and hence the 
expansion stroke would be more near completion. This jg 
would naturally require a greater expansion force. 

The importance of the tapered surface, and the re- 
sulting decreased frictional forces, can be more fully ap- 
preciated in view of other practical considerations such 
as ( 1 ) tolerance variations in large diameter components oq 
causing increased friction; 12) temperature variations of 
the mating components causing different expansion and 
contraction rates with resulting interference; and (3) 
time delay in the shearing of the restraining pins 46 caus- 
ing the container sections to be separated on one side 25 
faster than the op, osite side, and the resulting tilting 
causing additional interference between the male and fe- 
male portions on the slow separating side. 

It may be desirable in certain space applications to 
provide a double seal for the container 10 as a safety 30 
margin. Hence as a second embodiment of the invention 
illustrated in FIG. 6, the upper male portion 50 of the 
connection 51 illustrated is provided with an outwardly 
extending annular flange 50 a and the lower female por- 
tion 52 is similarly provided with an outwardly extending 33 
continuous annular flange 52r/. After the connection of 
the male and female portions 50 and 52 is made, a strip 
54, e.g. of foil, having a height slightly greater than the 
distance between the two flanges 50a and 52 a is placed in 
position surrounding the sealed connection 51- and engag- 4,1 
ing the outer edges of the flanges. The strip is cemented in 
place in this position as an additional biological barrier. 

The expansive force of the primary sealing tube 56 for 
this embodiment provides sufficient force to break the 
strip 54 and render this secondary seal ineffective as well 4 g 
as the primary seal provided by the collapsed tube 56. 

In the embodiment illustrated in FIG. 6, the inlet con- 
duit 40 extends interior of the spherical container rather 
than through the sealing strip 54, and the high pressure 
source is located interior of the container. 50 

While specific embodiments of the invention have been 
shown and described, the invention is not limited to the 
particular constructions disclosed. 

What is claimed is: 

1. A continuous separable sealed connector for use 55 
with a container formed in two sections comprising: 
a first annular connector member secured to one sec- 
tion of the container and having a continuous female 
edge portion with a generally U-shaped cross-section; 
a second annular connector member secured to the 50 
other section of the container and having a continu- 
ous male edge portion which fits within the U-shaped 
female portion; 

the axial end of the male edge portion and the bottom 
of the U-shaped female edge portion having op- gg 
posing annular protuberances; 
the male edge portion having tapered side walls which 
engage mating tapered side walls on the legs of the 
female edge portion; 

iite intcrengagenient of the side walls being such that 70 
the opposing protuberances are slightly spaced from 
each other when the male edge portion is fully 
inserted into the female edge portion; 
an annular tube positioned within the bottom of the 
female edge portion and collapsed between the male 75 
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and female portions to seal the joint therebetween, 
said opposing protuberances engaging the tube to 
form it into a somewhat FIGURE 8 cross-sectional 
shape; 

a plurality of restraining pins extending iransvcrsly 
through the legs of the female portion and into the 
male portion to join the connector members and the 
container sections as an enclosed unit; 

said tube defining a sealed interior passage and having 
an inlet conduit extending through a leg of the female 
portion into the passage; 

a supply of high pressure fluid connected to the inlet 
conduit; and 

means for selectively applying high pressure fluid from 
from the supply to said tube passage to expand the 
tube with sufficient force to shear the restraining 
pins and thereby separate the connector members of 
the container sections. 

2. A continuous separable connection for joining ad- 
jacent container sections, the combination comprising: 

an annular edge attached to a first container section; 

an annular edge attached to a second container section 
and mated with the edge attached to the first section; 

a continuous flange extended in circumscribing rela- 
tionship from each of said sections adjacent to the 
edges thereof; 

an elongated annular tube collapsed between the edges 
of the adjacent sections forming a hermetic seal 
therebetween, said tube defining a sealed interior 
passage; 

retaining means securing one of said adjacent container 
sections to another section; 

a sealing strip surrounding said flanges and secured to 
the outer surfaces thereof to form a secondary seal 
for the container; and 

means for supplying fluid under pressure to the tube 
passage for expanding the tube for thereby separat- 
ing the container sections. 

3. A separable sealed connection comprising: 

(A) a female connector having a generally U-shaped 
cross section and including a continuous connector 
sealing surface defied by a first pair of surface seg- 
ments separated by a transverse surface segment of 
a configuration defining a first protuberance extended 
between the pair of surface segments; 

(B) a male connector mated with said female connec- 
tor having a tapered cross section and including a 
continuous connector sealing surface defined by a 
second pair of surface segments, disposed in juxta- 
position with said first pair of surface segments, 
separated by a transverse surface segment of a con- 
figuration defining a second protuberance extended 
between the segments of the first pair of surface seg- 
ments in an opposed relationship with said first 
protuberance; 

(C) an elongated tube, having a sealed internal pas- 
sage, disposed between (he transverse surface 
segments in mated engagement therewith, said 
protuberances encaging said tube at opposite sides 
thereof and serving to deform the tube by displacing 
portions of opposite internal surfaces of the tube 
into dose proximity for thereby imparting to the tube 
a cross section configuration substantially conform- 
ing to a figure eight: 

(D) means interconnecting said members into a uni- 
tary structure having the deformed tube seaiingh 
supported between the transverse segments of the 
surfaces; and 

( E) means for selectively applying fluid under pressure 
to said sealed passage for expanding the tube, 
whereby the tube is caused to assume a cross section 
configuration substantially conforming to a circle 
for thereby effecting separation of the protuberances 
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